The hexameric Mcm2--7 complex, which is composed of the evolutionarily related Mcm2 to Mcm7 subunits, forms the core of the eukaryotic replicative helicase ([Fig. 1](#F1){ref-type="fig"}). In the late M to G~1~ phase, Mcm2--7 is recruited to replication origins with the assistance of at least three essential replication factors, ORC, Cdc6 and Cdt1, to form the pre-replicative complex (pre-RC). In the S phase, Cdc45 and GINS associate with Mcm2--7 via the action of two kinases, DDK and S-CDK, and other replication factors to assemble the active Cdc45-Mcm-GINS helicase, which translocates away from origins to unwind double-stranded DNA at replication forks.[@R1] Mcm2--7 appears to be the key factor for the control of DNA replication, as most known regulatory mechanisms are dedicated to Mcm2--7, rather than to DNA polymerases.

![**Figure 1.** Schematic illustration of the Mcm family proteins of *Xenopus laevis*. The Walker A and B motifs within the Mcm family domain, and the zinc (Zn)- and arginine (R)-finger motifs are indicated. Mcm2 to Mcm7 form a hexameric complex that is essential for DNA replication. Mcm8 and Mcm9 form a dimer that is likely to be involved in HR repair.](cc-12-1338-g1){#F1}

Mcm8 and Mcm9 are evolutionarily related to the other Mcm proteins, all of which contain the Walker A and B motifs for ATP hydrolysis within the MCM family domain, as well as the zinc- and arginine-finger motifs ([Fig. 1](#F1){ref-type="fig"}). A phylogenetic analysis has suggested that the last common ancestor of eukaryotes had the *MCM8* and *MCM9* genes.[@R2] These two genes are conserved in many eukaryotic species but seem to have been lost together in yeast and *C. elegans,* suggesting the co-evolution of Mcm8 and Mcm9. Drosophila species are an exception, as they have only the *MCM8* homolog, termed *REC*.[@R2] As can be imagined, based on the role of Mcm2--7 in DNA replication, early studies suggested independent and controversial roles for Mcm8 and Mcm9 in DNA replication. In Xenopus egg extracts, Mcm8 was shown to be involved in elongation of the replication fork.[@R3] Conversely, in the same system, Mcm9 was reported to interact with Cdt1 for the loading of Mcm2--7, i.e., pre-RC formation.[@R4] Recently, knockout mice and chicken DT40 cells lacking the *MCM8* or *MCM9* gene were successfully generated, clearly indicating that the two proteins are not essential for DNA replication in these organisms.[@R5]^-^[@R7] Moreover, consistent with the notion that the *MCM8* and *MCM9* genes have co-evolved in most eukaryotes, Mcm8 and Mcm9 form a complex and are required for tolerance to DNA damage, suggesting that the Mcm8--9 complex plays a role in DNA repair.[@R6]^,^[@R7]

In the April 15, 2013 issue of *Cell Cycle*, Gambus and Blow re-examined the role of Mcm8 and Mcm9 in DNA replication in Xenopus egg extracts to address the discrepancies observed in previous reports. As is the case with humans, mice and chickens,[@R6]^,^[@R7] the authors demonstrated that Xenopus Mcm8 and Mcm9 form a stable complex; however, neither of them associates with Cdt1 and Mcm2--7. Using glycerol gradient and size-exclusion experiments, the Mcm8--9 complex was found to be a dimer, unlike the previous suggestion of the formation of a hexamer in DT40 cells.[@R7] During the replication of sperm chromatin DNA, Mcm8 and Mcm9 associate with chromatin from the late S to G~2~ phase, suggesting that they are not essential for DNA replication. In fact, depletion of Mcm9 from egg extracts, which eventually co-depletes Mcm8, has a marginal effect on normal DNA replication. Finally, the authors showed that various types of DNA damage induce association of Mcm8--9 to chromatin, which is consistent with the observation that Mcm8 and Mcm9 are required for resistance to DNA damage.[@R6]^,^[@R7]

The most important future question regarding this issue is: "What is the role of the Mcm8--9 complex in resistance to DNA damage?" Taking into account the fact that the knockout mice and DT40 cells lacking *MCM8* or *MCM9* exhibit a severe defect in gametogenesis and homologous recombination (HR), respectively,[@R5]^-^[@R7] it is likely that the Mcm8--9 complex has a conserved function in HR repair. Another question is: "Does the Mcm8--9 complex function as a helicase?" If so, is the dimeric Mcm8--9 complex converted to a hexameric complex similar to Mcm2--7, and are there any accessory factors, such as Cdc45 and GINS in the case of Mcm2--7, that are required for its helicase activity? The characterization of Mcm8 and Mcm9 might shed light on a new mechanism of HR repair. Future analyses are warranted.
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